Objective: Heat shock proteins act as chaperones at the molecular level and therefore they have been investigated in numerous diseases associated with oxidative stress, including obesity. The aim of this study was to investigate the possible associations of genetic variability in the 3´-untranslated region of the HSPB7 gene (rs1048261) with anthropometric and dietary parameters in a cohort of lean and obese Central European subjects.
INTRODUCTION
Obesity is defined as an abnormal or excessive accumulation of fat tissue within the human body. The World Health Organization (WHO) defines obese individuals as persons with a body mass index (BMI) of 30 kg/m 2 or higher (1) . An excessive accumulation of fat tissue leads to the activation of a chronic low-intensity inflammatory response which further impairs extracellular and intracellular signaling pathways and promotes the development of obesity comorbidities such as diabetes mellitus (2) or other inflammation-related diseases such as cardiovascular diseases (3) or cancer (4) . The higher prevalence of such diseases, which constitute leading causes of death in the developed world (5), also to some extent explains the increase in overall and specifically in cardiovascular mortality in obese subjects. Since the number of obese individuals is increasing and has doubled between 1980 and 2008 (from 5%/8% to 10%/14% in men/women) (6), a better understanding of the genetic aspects affecting the development and course of obesity is reasonable.
Oxidative stress is caused by the presence of an excessive amount of reactive oxygen species (ROS) in cells (7) . The presence of ROS leads to cell damage and consequently to the emergence of serious diseases, e.g. atherosclerosis (8) , diabetes mellitus (9), cancer (10) , and cardiovascular diseases (11) . In humans, fat accumulation positively correlates with oxidative stress (12) . The elevation of free fatty acids in obesity leads to increased nicotinamide adenine dinucleotide phosphate oxidase (NADPH oxidase) activity (13) and an increase in ROS production. This results in the elevation of oxidative stress in obese individuals. Furthermore, oxidative stress leads to the dysregulated production of adipocytokines in accumulated fat, which contributes to the development of obesity-associated metabolic syndrome.
Heat shock proteins (HSPs) constitute a highly conserved polypeptide family found in all living organisms. While some HSPs are expressed constitutively within cells, thus functioning as molecular chaperones (14) , the expression of other HSPs is induced by a variety of stress agents, e.g. heat stress, oxidative stress, the presence of heavy metal ions, etc.; as a result, these HSPs are thereby involved in inflammatory response (14, 15) . According to their molecular weight, HPSs are categorized as belonging to several groups: HSP110 (HSPH), HSP90 (HSPC), HSP70 (HSPA), HSP40 (DNAJ), small HSP (HSPB) (16) . This study is focused on HSPB7, a member of the small HSPs family.
HSPB7 was identified in 1999 (17) and, like all other small HSPs (18) , is characterized by an evolutionary conserved α-crystallin-domain. It is also known as a cardiovascular HSP (cvHSP) due to its predominant expression in the human heart (17) . However, its increased expression was also observed in the skeletal muscle and brown adipose tissue of Zucker fatty rats (17) , in the skeletal muscle of leptin-deficient mice (19) and, interestingly, also in the subcutaneous abdominal adipose tissue of obese subjects (20) . This may be explained by the fact that HSPs are involved in inflammatory response (21) and thus also in the state of low-grade inflammation -obesity.
The expression of HSPB7 may be regulated by various factors. One of them is the binding of micro-RNAs (miRNA) to the 3´untranslated region (UTR) of the gene, which may affect HSPB7 expression and thereby also the course of a disease associated with the gene. The variability of the UTR affects the binding of miRNAs to this region. One of the variations in the HSPB7 UTR is rs1048261, with ancestral allele T substituted by an A. This study thus aims to investigate whether genetic variability in the 3´-UTR of the HSPB7 gene, specifically rs1048261, affects anthropometric as well as dietary parameters in a cohort of lean and obese subjects of Central European origin.
MATERIALS AND METHODS

Subjects
A total of 708 unrelated Czech Caucasian individuals were recruited for this study in a mass media campaign addressing the general population of the South Moravian Region of the Czech Republic (22) . Participants were divided into obese and non-obese groups according to BMI. The inclusion and exclusion criteria were derived from a study conducted by Ma et al. (23) . The current study was conducted according to guidelines set up in the Declaration of Helsinki and all procedures involving human subjects were approved by the Committee for Ethics of Medical Experiments on Human Subjects, Faculty of Medicine, Masaryk University, Brno, Czech Republic. Written informed consent was obtained from all subjects prior to all performed measurements and archived.
Anthropometry Measurements
The obese group included 415 subjects (BMI ≥ 30 kg/m , mean age 43.2 ± 15.0 years) with no history of childhood obesity or eating disorders. Additional phenotypic measurements included weight, height, systolic and diastolic blood pressure, skinfold thickness, body fat, body water, waist and hip circumference and waist-hip ratio (WHR). Body composition was assessed by means of bioelectrical impedance analysis using a single frequency bioimpedance analyser (BodyStat Ltd, Douglas, Isle of Man, UK) with the subject lying in a supine position. Height was measured using a calibrated stadiometer and weight (in light indoor clothes and without shoes) was measured using a precisely calibrated set of scales.
Nutritional Assessment
Participants were advised to complete standardized 7-day food records. Food intake data were obtained from study subjects and further analyzed. The percentage of daily energy intake from carbohydrates, fat and protein as well as total energy and macronutrient intake were calculated using the Nutrimaster Diet Analysis software modified for the Czech population (Abbott Laboratories, Abbott Park, IL, USA).
Genotyping
Analyzed DNA was extracted from 5 ml of the patients' saliva after 3 hours of fasting using a standard extraction protocol involving proteinase K. Genotyping of the rs1048261 was performed using a standard polymerase chain reaction followed by restriction fragment length polymorphism (PCR-RFLP) The amplified 219 bp fragment was generated using the following primers: forward 5'-GTGCTGTGCTTTGTCACTGA-3' and reverse 5'-CCAGGGTTAAGGCTGATGGA-3'. PCR was performed as follows, denaturation process for 10 min at 95 °C; 32 cycles of denaturation for 30s at 95 °C, annealing for 20s at 60 °C and extension for 30s at 72 °C; and final extension step for 5 min at 72 °C, followed by a cooling process to 15 °C. The PCR product was then digested using 3 units of the restriction enzyme PvuII. The fragments were visualized using electrophoresis on 4% agarose gel with ethidium bromide staining and visualization using UV illumination and an Image Analyzer (AlphaImagere 1220; Alpha Innotech Corp., San Leandro, CA, USA). O'RangeRuler™ 50 bp DNA Ladder was used for fragment sizing. To assess genotyping reliability, double sampling was performed in more than 20% of all samples; no differences were observed. Quality and negative controls were always used to identify possible false positive cases. Alleles are reported in forward orientation to the genome.
Statistics
Data normality was tested using Shapiro-Wilk test, Pearson's test and Kolmogorov-Smirnov test as well as graphically (i.e. using histograms and quantile-quantile plots). In case of skewed variables, data was log-transformed or square root transformed and normality was subsequently re-analyzed.
After normality testing, the appropriate method for intergroup comparisons was selected. For the purpose of intergroup comparisons, the patients were categorized according to sex (men, women), genotype (AA, AT, TT) and obesity status (obese, nonobese). These categorical data, characterized by the distribution of allele and genotype frequencies in the HSPB7 gene, were organized in a three-way contingency table. The independence of these variables was tested using a log-linear model and the Cochran-Mantel-Haenszel test. Finally, an analysis of variance (ANOVA), t-test, Kruskal-Wallis test, Mann-Whitney test, Kolmogorov-Smirnov test and linear regression model were used to analyze differences between the groups. The significant differences detected using ANOVA were corrected using Tukey's honestly significant difference post hoc test.
Backward stepwise regression was selected for linear model construction (i.e. the initial model included all potential confounding variables such as gender, age, obesity status, HSPB7). Once the initial model was constructed, the number of variables was subsequently reduced so that the final model complied with the initial one; this approach was based on the Akaike information criterion (AIC). All models were properly adjusted for all potential confounding variables.
A correlation analysis was performed using a matrix diagram and the Pearson's correlation coefficient. For descriptive purposes, mean values are presented using untransformed values. Results are expressed as mean ± standard deviation (SD) unless otherwise stated. Data analysis was performed using the R-program package. Consensual values of p ˂ 0.05 were considered statistically significant.
RESULTS
Basic anthropometric and dietary data are presented in Table 1 using the mean and SD as description variables. The compliance of genotype distributions of HSPB7 with the Hardy-Weinberg equilibrium (HWE) was tested using the asymptotic Pearson's chi 2 test (p = 0.078), with genotype distribution in agreement with HWE. Genotypes in the cohort were presented as follows, 333 (47%) TT, 290 (41%) AT and 85 (12%) AA. The frequency of A allele is 0.325, which is in accordance with European part of 1000 Genomes project (A = 0.322; 1,006 participants). No significant differences were found in genotype distribution between genders or between lean and obese subjects.
The results of the intergroup comparison based on linear modelling of the relationship between HSPB7 and the anthropometric and nutritional variables are summarized in Table 2 (non-significant interactions were omitted).
Analysis of Sex-dependent Association of HSPB7 with Obesity
Using the log-linear model as well as the Cochran-MantelHaenszel test, no statistically significant association of the HSPB7 genotype and/or allele distribution with gender and obesity status was observed (χ 2 = 0.036, p = 0.959).
HSPB7 Polymorphism Association with Anthropometric Parameters
We tested whether the various genotypes of the HSPB7 gene affect any of investigated anthropometric characteristics with regard to the obesity status and sex of the individuals. We observed associations of investigated polymorphism with triceptal skinfold thickness and biceptal skinfold thickness in males for AA vs. TT and AT vs. TT (22.8 ± 7.7 mm vs. 18.1 ± 6.0 mm and 17.3 ± 8.3 mm vs. 14.0 ± 7.4 mm, p = 0.051 and 0.038, respectively) ( Table 2 ).
Analysis of HSPB7 and Percentage of Body Fat and WHR
A linear regression model was constructed for the variables body fat and WHR, all models were basically adjusted for age, gender and BMI and the variables were consecutively reduced using the backward stepwise regression procedure. We found no association between WHR and rs1048261 genotypes. On the other hand, based on this model we found association between rs1048261 genotypes and percentage of body fat in this cohort. Specifically, the individuals with AA genotype are associated with higher percentage of body fat compared to T allele carriers.
HSPB7 and Dietary Composition
We tested potential associations of the HSPB7 polymorphism with total daily energy intake, absolute intake of macronutrients (proteins, carbohydrates and fats), proportion of macronutrients in total daily energy intake and intake of fiber, liquids, cholesterol and vitamin C. In the entire group of obese subjects (i.e. pooled males and females), the borderline significance was identified in the daily proportion of fat in the diet between AA and TT (36.0 ± 4.4% vs. 33.3 ± 5.9%, p = 0.061). Similarly, the borderline significance and significant differences were observed in the average total daily fat intake, regardless of sex or obesity between AA and TT (80.5 ± 29.8 g vs. 74.1 ± 31.3 g, p = 0.082) and also between AT and TT (82.6 ± 29.2 g vs. 74.1 ± 31.3 g, p = 0.023). In addition, rank moderate correlation was confirmed between cholesterol intake, fat intake and proportion of fat in the diet. No association with the total daily energy intake, cholesterol intake, fiber intake, and vitamin C intake was observed.
DISCUSSION
Investigating genes implicated in obesity is crucial for understanding the pathogenesis of this complex multifactorial disease. The continuous rise in the incidence of obesity in recent years calls for the clarification of distinct molecular mechanisms and genetic causes, including the identification of pathological alleles (24) . An improved understanding could form a strong basis for targeted prophylaxis in patients at risk of obesity development and could also lead to the development of individual, highly targeted therapy.
A cellular response to oxidative stress is basically represented by the upregulation of HSPs (25) . The HSP-based cellular response to stress generally includes molecular sensing of stress along with protein sorting, quality control, degradation or refolding of proteins and also the inhibition of inflammation, apoptosis and protein misfolding, all acting together to support cell survival (25) . No robust data describing the dynamics of HSPB7 levels in oxidative stress are currently available and only a limited amount of information is available with respect to the association of HSPB7 and obesity. A positive correlation between obesity and HSPB7 expression was reported in 2013 in a study by Gonzáles-Muniesa et al. who detected a higher expression of HSPB7 in subcutaneous abdominal adipose tissue from obese male subjects compared to lean male subjects (20) .
More information on HSPB7 expression is available from cardiovascular diseases -it has been reported that elevated concentrations of HSPB7 are produced in the plasma of patients with acute coronary syndrome (26) .This increase is being explained mainly by the rapid release of HSPB7 from cardiomyocytes into the circulation after myocardial necrosis. Moreover, various polymorphisms in the HSPB7 gene have been associated with the pathogenesis of other cardiovascular diseases, e.g. idiopathic dilated cardiomyopathy (27) , sporadic (28) and advanced heart failure (29) .
The investigated polymorphism rs1048261 is located in the 3'-UTR of the HSPB7 gene and the sequences in 3'-UTR that surround this polymorphism are supposed to be targeted by miR- Table 2 
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The summary of the intergroup comparison based on linear modelling of the relationship between HSPB7 and anthropometric and nutritional variables. The differences between groups were tested using ANOVA and then p-values were corrected using Tukey's honestly significant difference post hoc test.
874 and miR-143 (based on miRdSNP*, accessed November 27, 2015), previously functionally validated. miR-874 is generally involved in cell cycle regulation, apoptosis and proliferation and it has been reported recently that its expression is temperaturesensitive (30) . Importantly, miR-874 is also implicated in the regulation circuits of another HSP, HSPB70, whereas miR-874 dramatically increases the gene expression under the conditions of moderate stretch injury (30) . In another study, miR-874 expression was linked to the development of obesity (31) .
As for the miR-143, it has been previously demonstrated that miRNA-143 is upregulated during pre-adipocyte 3T3-L1 differentiation in a cultured primary human adipocyte model system, thus suggesting an important role of this miRNA in human adipose tissue (32) . Moreover, the authors suggest that inhibition of miR-143 effectively inhibits adipocyte differentiation. Therefore, both of these miRNAs represent biologically plausible factors linking HSPs expression with obesity.
The mechanism by which aberrant expression of HSPB7 gene may influence accumulation of body fat, consecutively leading to obesity, is currently unknown. Interestingly, HSPB7 has not been linked to obesity except for the study by Gonzáles-Muniesa et al. (33) but there are several studies reporting its association to cardiovascular disease; common variants in this gene being associated with systolic heart failure (34). Wang et al. suggest that miR-874 may act via a regulatory pathway involving FoxO3a and caspase-8 (35) , whereas the introduction of FoxO3a-siRNA into 3T3-L1 cells in experiment suppressed the oxidative stressinduced expression of Bim mRNA, as well as the glucose oxidase-induced apoptosis. This could indicate the ROS-induced apoptosis in undifferentiated 3T3-L1 cells via the expression of FoxO3a, whereas FoxO expression suppressed the ROS-induced apoptosis in differentiated 3T3-L1 cells via the expression of ROS-scavenging enzymes. It can be therefore hypothesized that the effect of the rs1048261 polymorphism on body weight could be mediated via the following cascade: rs1048261 (alteration of proximity of miR-874 and/or miR-143 binding site) -aberrant binding of miR-874 and/or miR-143 -altered levels of HSPB7 -aberrant signalling via FoxO3a -aberrant proliferation of adipocytes -accumulation of fat-obesity.
The biggest strength of this study is the investigation of the chosen polymorphism in a relatively large sample (n = 807) of highly homogenous Caucasian population of South Moravia, Czech Republic. However, the major limitation of this study is the absence of data on functional consequences of this polymorphism. Therefore, a functional study is needed to fill this gap. The uneven gender distribution across the cohort may also be a limitation, although the sex was properly adjusted. Moreover, it is also possible that more potential confounding factors could have been considered.
CONCLUSIONS
Based on our results, the A allele of the rs1048261 in the 3'-UTR of the HSPB7 gene is associated with a higher intake of fat in the diet in general (obese and non-obese population), higher proportion of fat in the diet of obese subjects, or increased body fat percentage in the whole tested population. This is well in accordance with previous findings regarding the higher expression of HSPB7 in obese subjects (17, 19, 20) . However, the mechanistic link between HSPB7 expression and genetic variability in its 3'-UTR has yet to be experimentally validated. In conclusion, to the best of our knowledge, this is the first population study to report an association of defined genetic variability in the HSPB7 gene with obesity and its associated anthropometric characteristics and dietary composition. In this study, we observed significant and consistent association between a distinct genetic trait (HSPB7 gene variability) and a higher proportion of fat in the diet.
